Snoring occurs in all age groups, in both genders, and it is heard, literally, all over the world. Snoring often puts a strain on family or social relationships and is a frequent source of embarrassment. Snoring is undoubtedly the most frequent complaint of patients with obstructive sleep apnea, which usually leads them to a sleep laboratory. This close link between snoring and sleep apnea has delayed our understanding of the possible independent adverse medical consequences of snoring, simply because snoring has been invariably discussed in the context of sleep apnea ([@B1]). The most common risk factors for snoring are male gender, obesity, ingestion of tranquillisers or muscle relaxants, smoking and alcohol consumption. Knowledge of these risk factors should prompt the physician to inquire about the presence of such factors ([@B2], [@B3]). Laboratory investigation is difficult issue, and no consensus on the causes of snoring have yet been reached. Two investigations that are usually contemplated and attempted in snoring patients are nocturnal polysomnography and airway assessment ([@B1]). Symptomatic snorers also complain of excessive sleepiness, tiredness and fatigue, or their partners report episodes of cessation of breathing. Symptomatic snorers have an increased likelihood of having sleep apnea. Pioneering investigations have elevated snoring from the level of social nuisance to a disease state ([@B1]). Snoring and sleep apnea may be a risk factor for vascular diseases, such as hypertension, cerebrovasculer disease and coronary artery disease ([@B1], [@B4]-[@B6]). It has been suggested that asthmatics who snore and have nocturnal asthma attacks may have unsuspected sleep apnea, which can trigger these attacks ([@B1]).

It has also been suggested that subjects with snoring or obstructive sleep apnea have a narrower pharyngeal airway than do normal persons because of fat infiltration, decrease pharyngeal muscle tone, or the weight of the soft tissue of the neck ([@B7]-[@B11]).

The purpose of this study was to validate the premise that snorers may have a smaller oropharyngeal airway in relation to increased fat infiltration and an elevated body mass index. We investigate our hypothesis by using spiral-computed tomography (CT), a digitising instrument and its measure tools.

MATERIALS AND METHODS
=====================

Subjects
--------

Nineteen snorers (14 men and 5 woman) who were followed by the Otolaryngology Department and 10 control subjects (7 men and 3 woman) were selected as the study subjects ([Table 1](#T1){ref-type="table"}). The mean ages were 39 years (range 24 to 58) and 40 years (range 22 to 51), respectively. Patients with snoring were untreated at the time they were studied. Exclusion criteria were an age less than 18 years, being a radiation industry worker, a history of thyroid disease, and pregnancy. All subjects underwent a history and physical examination. The volunteer control subjects were selected from these with a regular sleeping partner that was able to confirm the control subjects did not habitually snore. A detailed medical and snoring history was taken. All patients underwent measurements of weight and height. Body mass index (BMI) was used as an index of obesity. It was calculated by dividing a subject\'s mass in kilograms by the square of a subject\'s height in meters. Three of the snorers and one of control subjects were obese (BMI was greater than 30). Eleven of snorers and four of controls were overweight (BMI was 25-29, 9).

CT Scans
--------

Each subject had an awake spiral CT scan (Xpress/GX model TSX 002a Toshiba, Toshigi-Ken) of the upper airway. The subject\'s head was positioned with the soft tissue Frankfort plane (tragus of the ear to soft tissue orbitale) perpendicular to the floor. The subjects were closely observed to ensure that they remained awake throughout the procedure and did not swallow or talk during imaging. Intravenous contrast material was not administered. We performed a preview scan that yielded anterior-posterior and sagital projection images to locate the oropharyngeal anatomic level to be scanned. CT scans were obtained at the oropharyngeal anatomic level while the subjects were quietly breathing through the nose. Scanning encompassed four or five full respiratory cycles in all subjects and at least 24 scans were obtained at the same anatomic level. Scanning was performed to obtain 2-mm-thick axial CT slices every 0.6 seconds during expiration and inspiration at the same level of the oropharynx. All scans were obtained using the single slice technique. The table speed was 0. Window settings were standardized for all subjects with a window level of 50 HU and a window width of 250 HU.

Measurements
------------

We chose two slices on cine-CT images, one showing the largest airway area that matched the early expiration, and the other displaying the smallest airway area that matched the late expiration and beginning of the inspiration ([@B12]). We calculated the oropharyngeal areas on these two slices and found the difference of the areas.

The thickness of the parapharyngeal and subcutaneous fat was measured from the slice that had the smallest oropharyngeal airway area ([Fig. 1](#F1){ref-type="fig"}). The measurements from the left and right sides were added together and single values for parapharyngeal and subcutaneous fat tissue thickness were found and these values were used for comparison. We drew a line, perpendicular to the middle of the long axis of the masseter muscle, and on this perpendicular line we measured the subcutaneous fat width. We measured the distance between the parallel lines, which was drawn tangent to medial and lateral contours of parapharyngeal fat pad.

We compared the variables between the control and snorer groups, including age, body mass index, the difference in the largest oropharyngeal area, the difference in the smallest oropharyngeal area, the average difference between the largest and the smallest oropharyngeal area and thickness of the parapharyngeal and subcutaneous fat.

Statistical Analyses
--------------------

The paired Student\'s t test was used, and statistical significance was defined as *p* \< 0.05 to compare variables between the control and snorer groups.

RESULTS
=======

[Table 1](#T1){ref-type="table"} shows the results of the variables between the control and snorer groups. Mean body mass index was 25.0±0.7 in control subjects and 28.2±0.7 in snorers. Although mean body mass index of the two groups revealed no obesity, the conventional measure of body mass index was significantly higher in the snorers (*p* \< 0.05). The difference in the smallest oropharyngeal airway area between snorers and controls was statistically significant (*p* \< 0.01). The difference in the largest oropharyngeal airway area between snorers and controls was not statistically significant (*p* \> 0.05). The average difference between the largest and the smallest oropharyngeal areas was 52.1±32.6 mm^2^ in control group and 87.6±59.8 mm^2^ in snorer group. The difference was statistically significant (*p* \< 0.05).

There was no significant difference in the total subcutaneous fat width and total parapharyngeal fat width between snorers and control subjects (*p* \> 0.05).

DISCUSSION
==========

Snoring is easily recognized as an unpleasant low-frequency noise that is accompanied by the vibration of the upper airway. The physical examination for this condition is non-specific, and it is usually limited to head and neck. There are some useful markers for snoring such as generalized body obesity, a short and fat neck, nasal polyps, septal deviation, nasal turbinate hypertrophy and evidence of previous nasal fractures ([@B1]). Abnormalities of upper airway anatomy in snorers have been demonstrated in many different investigations by using a variety of techniques such as lateral cephalography, awake endoscopy, awake endoscopy with the Muller manoeuvre, endoscopy during sleep, endoscopy with nasal continuous positive airway pressure during sleep, fluoroscopy, CT scanning, MR scanning, manometry, and acoustic reflections ([@B1], [@B10], [@B11]). The fundamental abnormality in patients that snore is still unclear. Whether it is due to anatomic or functional abnormalities is a subject of continuing investigation.

Many investigators have examined cross-sectional areas at various levels in the upper airway, and most of them have found smaller cross-sectional areas at several levels in the pharynx ([@B13]-[@B16]). The levels of occlusion and narrowing of the pharyngeal airways of patients with snoring and obstructive sleep apnea are variable, with the oropharynx being the most commonly affected part ([@B11]-[@B15]). In our study, the mean difference between the largest and the smallest area of the oropharynx in the snorers was significantly higher than the controls (*p* \< 0.05), and in fact, the difference in the smallest oropharyngeal airway area between the snorers and controls was significant (*p* \< 0.01).

Obesity is one of the risk factors for snoring and sleep-disordered breathing, and investigators have noted that body mass indexes were significantly greater in snorers ([@B9], [@B18]-[@B20]). Airway narrowing in the apneic or snoring patients was predominantly in the lateral dimension ([@B10], [@B12], [@B19], [@B21]-[@B23]). Some investigators have recently demonstrated that the increased lateral size of fat pads in snoring and apneic patients may help to explain why the apneic airway is compromised laterally ([@B9], [@B12], [@B21], [@B24]). Another investigators have observed that there was no abnormal collection of fat density adjacent to the pharyngeal airway and the size of fat pads was found to be normal on CT ([@B22]). The correlation between the BMI and the smallest airway area was not significant as well ([@B19]).

In our study, although there were statistically significant correlations in the oropharyngeal airway area measurements (the largest minus smallest area) and body mass indexes, there were no significant differences in fatty tissue thickness between the snorers and control groups. Our results show that airway narrowing does not result from the augmentation of the surrounding fat tissue in snorers, despite the fact that the snorers have slightly (but not significantly) increased fat deposition adjacent to the oropharynx. Mortimore and associates ([@B24]) supposed that greater fat deposition anterolateral to the upper airway in the snorers might predispose them to the airway narrowing and collapse during sleep. If that speculation is true, the maximum airway cross-sectional area as well as the minimum airway area also must be significantly smaller in the snorers than in the controls due to increased fat deposition. In contrast, in our series, the maximum airway area was not significantly different between the snorers and controls. Unfortunately, the measurements of the maximal airway area were lacking in the study of Mortimore et al. ([@B24]). Furthermore, the methods of measuring the airway area used in their study were somewhat questionable. The airway area changes from maximum to minimum even in one cycle of respiration. They obtained 20 slices from different levels during a total scanning time of 6 minutes ([@B24]). So, the slices obtained in their study might not include the actually smallest oropharyngeal airway area.

In conclusion, our study shows that the fat deposition in snorers is not an important factor predisposing the upper airway to narrowing. Further studies are warranted to investigate other factors that could be involved in snoring, such as lateral pharyngeal walls, reduction of muscle thickness, and disability of the pharyngeal muscles, soft palates, bony structures or tongue.
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Note.-BMI: Body mass index, LOA: Largest oropharyngeal airway area, SOA: Smallest oropharyngeal airway area, DOA: Difference between the largest and the smallest parts of the oropharyngeal airway areas, TPFW: Total parapharyngeal fat width, TSFW: Total subcutaneous fat width
